When Cordyceps militaris is grown in shaking culture in certain media, two large unicellular forms are produced. The walls isolated from these are similar both qualitatively and quantitatively except for their mannose content, one form containing almost twice the amount as the other (17-5 versus 9-6 %). Glucose, the predominant monosaccharide obtained by acid hydrolysis, accounts for more than half (52 to 60 %) of the weight of the walls. The remainder is composed of galactose (6 %), hexosamine (6 %), lipid (8 to 10 %), and protein (8 to 10 %).
INTRODUCTION
When Cordyceps militaris, which produces the antibiotic 3'deoxyadenosine (Cordycepin), is grown in static culture in a medium consisting of 0.5 % casein hydrolysate and I % glucose (for review see Guarino, 1967)~ it forms a buoyant mycelial pad. Under other growth conditions a number of distinctly different morphological forms are produced. Since this fungus is easy to grow and the separation of its various cell types can be readily accomplished, it might serve to help elucidate mechanisms underlying cellular differentiation. We have therefore begun a series of studies comparing the morphological forms of C. militaris. We have previously reported on the chemical composition of the walls of hyphae (Marks, Keller & Guarino, 1969) . In the present paper we describe the growth of unicells in two types of media and compare the chemical composition of their walls with that of hyphae.
METHODS

Growth.
Cultures of Cordyceps militaris (Linn.) Link, obtained from Centraalbureau voor Schimmelcultures, Baarn, Holland, were maintained on slants of oatmeal agar as previously described (Kredich & Guarino, 1960) . Conidia, removed from these slants by shaking with a sterile 0.9 % saline solution, were used as the inoculum for each of the media described below. Sufficient condia were used to inoculate each flask so that their final concentration was 200 to 600 per ml.
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All cultures were grown with reciprocal shaking at 22 to 24" for four days. At this time the fungus was harvested by filtration and stored at -20'. Separation of unicells from filaments. The media were filtered through sterile glass wool which removed the filaments. The unicells were then collected by centrifugation of the filtrate.
Media
Isolation of the wa12 fractions. The walls were isolated by rupturing the fungus in a Sorvall Omnimixer with glass beads for 10 min. periods, centrifuging and washing with H,O, and decanting the suspended walls from the sediment of glass beads (Marks et al. 1969) .
Hydrolysis of the walls. The conditions for hydrolysis were essentially the same as those previously reported (Marks et al. 1969 ) except for a variation in the length of time the walls were heated at I 00'. For the I N-H,SO, hydrolysis, I 8 h. were required for maximal release of neutral monosaccharides from the walls obtained from the fungus grown in Moyer's sporulation broth and 12 h. for those from Czapek-Dox broth.
Ash and H 2 0 content. AU values reported in the tables are corrected for ash and also for H 2 0 content by procedures already described (Marks et al. 1969 ).
Other procedures. The procedures for thin layer chromatography, determination of neutral sugars, hexosamine, amino acids, lipid, chitin, and nucleic acids were identical to those previously described (Marks et al. 1969 Garden City, New York) for I 8 h. Undigested material was removed by centrifugation and sugar determinations were performed on the supernatant solutions as described above.
RESULTS
Growth.
When Cordyceps militaris was grown in static culture in casein hydrolysateglucose medium, its walls were extremely rigid and difficult to rupture. In order to obtain fungus with less rigid walls, the growth conditions were altered. The morphology of C. militaris altered as the growth conditions changed.
On changing from static to shaking culture in the casein hydrolysate-glucose medium the organism no longer grew as a buoyant pad but rather as discrete filaments. These were long, branched and septate.
In Czapek-Dox or Moyer's sporulation broth, after 2 days of shaking, unicellular forms began to appear with the filaments. By the fourth day of growth the cultures were predominantly unicellular, consisting of very short cells with no obvious septa. The unicellular forms differed from each other only slightly. In Moyer's sporulation broth the unicells were 7 p long and 2.5 , u wide. The unicells grown in Czapek-Dox broth were slightlylonger than these (I I p) but were more narrow (1.6 p) and less refractive (Fig. I) .
We were unable to determine the origin of these unicells. Observation by phase-contrast microscopy of the cultures at different stages of growth failed to reveal any evidence of reproductive structures. Occasionally a constricted area could be observed near a hyphal Unicellular forms of Cordyceps tip which led us to speculate that the unicells might be related to blastospores, originating through budding of the hyphae. The unicells themselves were not seen to bud (Fig. ID) .
Since the amount of DNA, RNA and protein per ml. in each culture, as well as the dry weight of fungus, continued to increase during the first week of growth in each of the three media, the unicells were actively growing.
At the time of inoculation the pH of the Czapek-Dox broth was 7.2. By the time unicells were observed in the culture two days later, the pH had decreased slightly to 6.8. In casein hydrolysate, glucose, the pH decreased from 6.4 to 4.7 during the first two days of growth and in Moyer's sporulation broth the decrease was even greater (from 6.5 to 2.8). In each of the media the pH remained constant for at least one week after the initial decrease.
Filtration through sterile glass wool of four day cultures grown in Czapek-Dox or Moyer's sporulation broth freed the media of filaments. When the filtrate (depleted media containing the unicells) was returned to the shaker, no obvious change in shape or size of the cells occurred over a period of 7 days. However, if the unicells from four-day cultures were collected by filtration and centrifugation, washed with water and returned to fresh media, they all elongated at a rapid rate. Within one day each of the unicells had developed into a long filament. After two days in Czapek-Dox or Moyer's sporulation broth new unicells began to appear.
Analysis of walls. Wall fractions from unicells obtained from Czapek-Dox and Moyer's sporulation broths were isolated and hydrolysed in I N-H,SO, or in 6 N-HCl. The results of analyses of these walls and their hydrolysates are listed in Table I and 2. ? Determined by summation of amino-acid values ( Table 2 ).
The walls of the unicellular forms were composed mainly of carbohydrates (81 to 83 %).
When the polymers were hydrolysed by acid, glucose was found to be the predominant monosaccharide (52 to 60 %), while galactose, mannose, and hexosamine made up the remainder of the carbohydrate component. Thin-layer chromatograms indicated that there were no more than minute traces of other sugars in the hydrolysates. A positive van Wisselingh test indicated that at least some of the hexosamine was present as chitin.
Unicellular forms of Cordyceps
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The protein component of the walls contained 15 amino acids in substantial quantities and small amounts of tryptophane, cysteine and methionine. The total protein content of the walls as determined by summation of the values for the individual amino acids was 8 to 10%.
An additional 8 to 10 % of the walls was composed of lipid some of which was readily extracted by lipid solvents, the remainder requiring pretreatment with acid (indicated in Table I as 'bound' lipid). The nucleic acid content was very low, indicating little cytoplasmic contamination. Glusulase treatment. Glusulase, an enzyme mixture from the snail gastrointestinal tract, released half of the glucose from the wall polymers of the unicells (Table 3) . By,,contrast, all of the glucose was released from walls of filaments grown in casein hydrolysate, glucose medium. 
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The production of unicells by Cordyceps militaris appeared to be related to the chemical composition of the medium. Since the temperature and shaking rate were constant for all media, these factors could not have influenced the morphology. The pH also did not appear to initiate unicell production, since unicells were produced at pH 6.8 in Czapek-Dox broth and at pH 2.8 in Moyer's sporulation broth while filaments resulted at an intermediate value (4.7) .
The sugar concentration might have caused the form of the organism to change. The media-yielding filaments contained I % glucose while unicells were produced in media with higher sugar concentrations (3 % sucrose and 5 % glucose). The nitrogen source might also have been a deciding factor since unicells were produced on inorganic sources (NaNO, or (NH4)2HP04) while filaments occurred on an organic nitrogen source (casein hydrolysate). We performed some preliminary experiments to determine which component of the medium was responsible for unicell production and found that, in media containing only 0.5 % casein hydrolysate and glucose, the organism shifted from a predominantly filamentous to a predominantly unicellular form when the amount of glucose was increased from I to 10%. In this case, as in the other unicell-producing media, the organism grew as filaments for two days before the buds which produced unicells began to appear at the hyphal tips. By the fourth day the culture was composed mainly of unicells. Therefore, although a high initial sugar concentration resulted in unicell production, the age of the culture also played a part.
Unicells produced in Moyer's sporulation broth or Czapek-Dox broth and filaments grown in casein hydrolysate-glucose, had walls which were quite similar qualitatively. However, quantitative differences did occur, not only between the unicells and the filaments, but also between the two different types of unicells.
The unicell walls contained more glucose and protein than did those of the filaments. However, the amount of hexosamine in the filamentous walls was almost double that in the unicell walls, and the lipid content of the filaments was also higher.
The most striking variation was in the mannose values which differed between the two types of unicells, the walls from those grown in Czapek-Dox broth containing almost double the amount of mannose found in walls from unicells grown in Moyer's sporulation broth.
The protein found in the wall preparations of the filaments and of the two types of unicells appeared to be similar. The amino acid analyses indicated that the protein was acidic, acidic and hydroxy amino acids together accounting for 39 to 41 % of the total protein.
Glucose polymers made up the major portion of the walls. The experiments with Glusulase suggested that the glucose polymers of the filaments were constructed in a different manner from those in the unicells. Glusulase completely degraded the glucose polymers of the filaments releasing free glucose. However, only half of the glucose in the unicell walls was degraded to free glucose by this enzyme mixture. These observations indicated that the type of linkage between the glucose monomers differed in the two types of cells. Possibly different types of branching occur.
Our studies on Cordyceps militaris support the conclusions of Bartnicki-Garcia ( I 968) who has recently reviewed the information available on fungal wall structure and has observed that morphogenesis is accompanied by changes in wall content that are mainly quantitative. Changes in the amount of wall mannan have been found following the yeast
